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Abstract

Introduction: Near-infrared diode lasers can be used
for several applications, which range from disinfection
to smear layer removal in endodontics. This study eval-
uated the efficacy of agitation of 15% EDTA with an
808-nm diode laser on removal of the smear layer.
Methods: Sixty extracted humanmaxillary central incisor
teeth were instrumented up to ProTaper F4 (Dentsply
Maillefer, Ballagues, Switzerland) and then randomly
divided into 6 groups (n = 10 for each group) according
to the different final irrigating protocols as follows: 5%
sodium hypochlorite for 120 seconds performed with
the NaviTip (Dentsply Maillefer, Ballaigues, Switzerland)
(control group); 15% EDTA for 120 seconds performed
with the NaviTip; and agitation of 15% EDTA with an
808-nm diode laser for 10, 20, 30, and 40 seconds. Spec-
imens were observed under a scanning electron micro-
scope, and open dentinal tubules were counted using
Adobe Photoshop software (Adobe Systems, San Jose,
CA). The data were analyzed with 1-way analysis of vari-
ance and Tukey post hoc tests (P = .05). Results: The
number of open dentinal tubules was higher in the middle
thirds than in the apical thirds. The differences between
the apical and middle thirds were statistically significant
(P < .05). Statistically significant differences were also
found between the control group and the other groups
in both the middle and apical thirds of the root canals
(P < .05). Conclusions: The results indicated that agita-
tion of 15% EDTA with an 808-nm diode laser for 20
seconds was effective in removing the smear layer in
the apical thirds of root canals. (J Endod
2013;39:1589–1592)
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The chemomechanical preparation of root canal dentine with hand or rotary instru-
ments creates debris and a smear layer (1). The smear layer is composed of organic

and inorganic components, such as vital or necrotic pulp tissue, microorganisms,
saliva, blood cells, and dentinal debris (2). It has an amorphous and irregular appear-
ance and consists of 2 separate layers. Because it can become infected and can harbor
bacteria and bacterial products (3, 4), the smear layer should be removed. However,
irrigating solutions can be inefficient in removing the smear layer from the apical thirds
of root canals (5, 6). Researchers have proposed improved irrigation agitationmethods
to address this issue (7). Recently, agitation of irrigating solutions with laser devices has
become popular (8–10). In a study on the penetration of sealers in curved root canals
with and without agitation using a laser, the agitation of sodium hypochlorite (NaOCl)
resulted in a significantly higher amount of sealer penetration than in the nonagitated
group. However, the study found no significant differences in sealer penetration for
EDTA irrigation between the nonagitated group and the laser-agitated group (10).

The near-infrared diode laser has some advantages; it has a thin and flexible fiber,
which allows access into narrow and curved root canals, and it provides increased
disinfection of the deep radicular dentin (11, 12). To date, no study has investigated
the effect of agitation with an 808-nm diode laser on the removal of the smear layer.
The aim of this study was to evaluate the efficacy of agitation of 15% EDTA with an
808-nm diode laser at different agitation time intervals. The null hypothesis was that
the laser-agitated irrigation with EDTA would not increase the efficacy of 15% EDTA
in removing the smear layer.

Materials and Methods
Laser System

An 808-nm wavelength gallium-aluminum-arsenide diode laser (Doctor Smile,
Lambda Scientifica Srl, Vicenza, Italy) system equipped with a 20-W power source
was used. The laser delivery system used in the study was a fiber-optic cable with
a 300-mm size at 2 W in the pulsed mode (10 ms on/10 ms off). The actual power
of the parallel fiber-optic tip was 285.71 W/cm2.

Specimen Preparation
The protocol of this study was approved by the Research Ethics Committee of Izmir

Katip Celebi University, Izmir, Turkey. The study included 60 single-rooted, noncarious
maxillary human central incisor teeth that had been freshly extracted because of
periodontal or prosthodontic reasons from patients of both sexes ranging in age
from 45–55 years. After extraction, the intact apical root tips and the presence of a single
root canal were verified with buccopalatinal and mesiodistal radiographs. Caution was
paid to make sure all root canals had similar initial apical file sizes (#15) and root canal
anatomy (straight). A periodontal scalermechanically removed soft tissues and calculus
from the surfaces of the roots. The specimens were disinfected in a 0.5% solution of
chloramine T (Merck, Darmstadt, Germany) for 48 hours and then stored in 4�C
distilled water until use (13). The specimens were decoronated with a diamond disc
(Diamond Disc Superflex 910S/220; North Bel, Paderno Dugnano, Italy) under water
coolant to obtain a standardized root length of 15 mm.

The pulp tissues were extirpated using a barbed broach (VDW, Munich,
Germany), and a size #10 stainless steel K-file (Dentsply, Maillefer, Ballaigues,
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Switzerland) was moved down in the canal until the file was just visible.
The working lengths were set by deducting 1 mm from these lengths.
The apexes of the specimens were closed with boxing wax.

The root canals were shaped with ProTaper rotary instruments
(Dentsply Maillefer, Ballagues, Switzerland). The root canals of all
the specimens were apically prepared up to size #40 (F4). They were
irrigated with 2 mL 5% NaOCl (ImidentMedEndosolve-HP, Konya,
Turkey) between instrument changes. All the irrigation procedures
were performed with 31-G side port irrigator tips (NaviTip; Ultradent,
South Jordan, UT). During the irrigating procedures, the irrigator
tips were placed 1 mm from the working length, and they were then
moved backwards and forwards. After the preparations of root canals,
the specimens were divided randomly into the following 6 groups of 10
teeth each:

1. Control group: The specimens in this group were irrigated with
5 mL 5% NaOCl for 120 seconds followed by 10 mL distilled water.
The total volume of the irrigants was 15 mL.

2. EDTA group: The specimens in this group were irrigated for 120
seconds with 5 mL 15% EDTA (Wizard; Rehber Kimya San, Istanbul,
Turkey) as a final flush, and the specimens were then irrigated with
5 mL 5% NaOCl for 120 seconds followed by a final rinse with 5 mL
distilled water. The total volume of the irrigants was 15 mL.

3. 10 seconds of agitation with the laser: In this group, 1 mL 15%
EDTA solution was placed in the canals of the specimens and then
agitated at 2 W using the pulsed mode (10 Ton ms/Toff 10 ms) of
the diode laser for 10 seconds. The specimens were then irrigated
for 110 seconds with 4 mL 15% EDTA as a final flush and irrigated
with 5 mL 5% NaOCl for 120 seconds followed by a final rinse with
5 mL distilled water.

4. 20 seconds of agitation with the laser: In this group, 2 mL EDTA
was agitated at 2 W using the pulsed mode of the diode laser for 20
seconds as in group 3. The specimens were irrigated for 100
seconds with 3 mL 15% EDTA as a final flush and then irrigated
with 5 mL 5% NaOCl for 120 seconds followed by a final rinse
with 5 mL distilled water.
Figure 1. Representative photomicrograph shows the counting of the open dentin
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5. 30 seconds of agitation with the laser: In this group, 3 mL EDTA
was agitated at 2 W for 30 seconds using the pulsedmode of the diode
laser. The specimens were irrigated for 90 seconds with 2 mL 15%
EDTA as a final flush and then irrigated with 5 mL 5% NaOCl for
120 seconds followed by a final rinse with 5 mL distilled water.

6. 40 seconds of agitation with the laser: In this group, 4 mL EDTA
was agitated at 2 W in the pulsed mode of the diode laser for 40
seconds. The specimens were irrigated for 80 seconds with 1 mL
15% EDTA as a final flush and then irrigated with 5 mL 5% NaOCl
for 120 seconds followed by a final rinse with 5 mL distilled water.

The total irrigant volume was standardized to 15 mL in all groups.
The exposure time to the 15% EDTA was also standardized at 120
seconds. All the laser applications were performed parallel to the
root canal. The tip of the laser was kept 2 mm from the working length
and was withdrawn gently from the apical region to the coronal region
with a helical movement. The roots were then dried with absorbent
paper points. The boxing waxes were removed, and the specimens
were stored in 2.5% glutaraldehyde solution buffered with phosphate
for 24 hours to obtain fixation. After 24 hours, the specimens were
rinsed under tap water, and 2 parallel grooves were made on the buccal
and palatal surfaces using a diamond disk followed by splinting and
immersion in liquid nitrogen. The specimens were dehydrated using
a series of graded ethanol solutions (70%, 80%, 90%, and 100%)
for 24 hours. Finally, they were placed in an oven at 37�C for 48 hours.
One half of each specimen was selected and prepared for scanning elec-
tron microscopic evaluation. The specimens were coated with a gold-
palladium layer (Polaron SC7610; Quorum Technologies Ltd, East
Sussex, UK) and analyzed with a digital scanning electron microscope
(EVO LS10; Zeiss, Oberkochen, Germany) at 10-mm working length.
Two photomicrographs were taken from the middle and apical thirds
of the root canals at a magnification of 3000�. The open dentinal
tubules were counted on each photomicrograph using Adobe Photo-
shop software (Adobe Systems, San Jose, CA) (Fig. 1). Statistical anal-
yses were performed using SPSS software (SPSS Inc, Chicago, IL). The
Kolmogorov-Smirnov statistical test for normality revealed a normal
al tubules.
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data distribution. Statistical analysis was performed using 1-way analysis
of variance and Tukey post hoc tests (P = .05).

Results
The number of open dentinal tubules in 120 photomicrographs

was counted using Adobe Photoshop software. The means and stan-
dard deviations of the open dentinal tubules in the middle and apical
thirds were 126.5 � 91.09 and 51.87 � 58.70, respectively. Accord-
ing to the statistical analysis, the middle thirds contained a higher
number of open dentinal tubules than the apical thirds of the root
canals (P < .001).

In the middle third of the root canals, the means and standard
deviations of the open dentinal tubules of the control; EDTA; and
agitation with the laser for 10, 20, 30, and 40 seconds groups
were 5.7 � 3.59, 149.3 � 69.49, 154.8 � 46.3, 166.3 � 77.02,
154.6 � 115.63, and 128.30 � 88.23, respectively. Fewer open
dentinal tubules were observed in the control group, and the highest
number was observed in the 20 seconds of agitation with the laser
group. According to the statistical analysis, both the EDTA and the
agitation with the laser (10, 20, 30, and 40 seconds) resulted in
more open dentinal tubules compared with the control group
(P < .001) (Fig. 2).

In the apical third of the root canals, the means and standard devi-
ations of the open dentinal tubules of the control; EDTA; and agitation
with the laser for 10, 20, 30, and 40 seconds groups were 3.2� 1.47,
47� 47.08, 56.6� 54.72, 91.9� 44.92, 66.2� 82.25, and 46.34�
62.22, respectively. Fewer open dentinal tubules were observed in the
control group, and the highest number was observed in the 20 seconds
of agitation with the laser group. According to the statistical analysis, the
EDTA and 10, 30, and 40 seconds of agitation with the laser groups
resulted in a similar number of open dentinal tubules compared with
the control group (P > .05). However, the number of open dentinal
tubules in the 20 seconds of agitation with the laser group was higher
(P = .008) compared with the control group.
Figure 2. Representative photomicrographs of groups: (A) group 1: no EDTA irri
laser, (D) group 4: 20 seconds of agitation with the laser, (E) group 5: 30 seconds o
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Discussion
Effective chemomechanical preparation of the apical region is

especially important for successful root canal treatment. Syringe irriga-
tion is a standard procedure for root canal irrigation, but this technique
is not efficient in the apical third of the root canal. It is difficult to
completely remove the residual smear layer, particularly in the apical
third of the root, because the smaller size of the apical third compared
with the other thirds impedes the circulation and action of the irrigating
solutions (5, 6). In addition, increased tubular sclerosis in the apical
third means there are fewer dentinal tubules (14–18). Acoustic and
hydrodynamic properties of irrigants have been studied to improve the
effectiveness of irrigating solutions in the apical region (19); agitation
with a laser has been used in endodontic therapy to reduce the number
of bacteria and to modify the surface of the root canal (20). Therefore,
the present study investigated whether agitation with a diode laser
improves the efficacy of EDTA, especially in the middle and apical thirds.

The absorption of a root canal irrigant depends on the type of
irrigating solution and the wavelength of the laser. In a recent study
by Moon et al (10), activation with a 1320-nm Nd:YAG laser with NaOCl
or EDTA was found to be much better than NaOCl for sealer penetration
into dentinal tubules. It has been shown that the absorption of EDTA at
1320 nm is higher than at the 810-nmwavelength (21). Themechanism
for the laser activation of irrigating solutions originates from the absorp-
tion of laser energy, the formation of vapor bubbles, the collapse of the
bubbles, acoustic streaming, and finally cavitation. In the present study,
an 808 nm diode laser was used with 15% EDTA. Interestingly, in the
middle and apical thirds of root canals, the highest number of open
dentinal tubules was observed in the group with 20 seconds of agitation
using the laser. However, the water absorption of the 808-nm diode
laser is poor. Thus, no comparison can be made between the results
of the studies in which other laser types were used.

Clinically, the root is enclosed by the bone socket, and the canal
behaves as a closed-end channel. This situation results in gas entrain-
ment at the end of this region, producing a vapor lock effect during the
gation, (B) group 2: 15% EDTA, (C) group 3: 10 seconds of agitation with the
f agitation with the laser, and (F) group 6: 40 seconds of agitation with the laser.
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irrigation procedure. This could be why there was more smear layer
removal from the apical thirds in the group that received agitation using
the diode laser for 20 seconds than in the control group. Future studies
should be conducted to confirm the results of the present study.

One limitation of this study is that the temperature of the EDTA
before and after lasing was not measured. The protocols of the study
were standardized, such as the exposure time of the EDTA, the volume
of the EDTA, and the concentration of the EDTA. However, the agitated
EDTA solution volume was not standardized (ie, the aim was to agitate
the fresh solution at every turn). Thus, 1 mL EDTA in each 10-second
laser application was agitated. This was another limitation of the study.
A further limitation of this study was the small sample size, which re-
sulted in high standard deviations.

To inhibit possible irrigant extrusion, Matsuoka et al (22)
proposed that 200- or 320-mm fibers should be kept 2–3 mm away
from the anatomic apex to hinder eradication of the apical constriction.
In the present study, the laser fiber tip was applied 2 mm away from the
anatomic apex to avoid extrusion.

A previous study reported that the amount of smear layer removed
by EDTA in 30 seconds was poor (23). This finding is in accordance
with another study, which applied EDTA for 1 minute (24). In the
present study, EDTA was applied in all groups for 120 seconds.

Scanning electron microscopy has been used to determine the
effectiveness of agitated irrigants to eliminate the smear layer. This tech-
nique makes it possible to examine the morphologic features of the
surfaces of prepared root canals. Various systems have been used to
score the amount of smear layer remaining after root canal preparation.
Score systems were not used in the present study. Instead, the number of
open dentinal tubules was counted by trained observers with software.
The software provides a viable and objective alternative to conventional
methods (25).

Conclusion
The null hypothesis was rejected. Within the limitations of this

study, it can be concluded that 20 seconds of agitation of EDTA with
an 808-nm diode laser improved the efficacy of EDTA in removing
the smear layer.
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